Purpose: The aim of this prospective cohort study was to examine uptake and psychological, behavioral, and cognitive outcomes of genetic testing for melanoma risk among individuals with a known familyspecific CDKN2A mutation. Methods: A total of 119 individuals were ascertained via a genetic epidemiological study and completed a series of mailed, self-administered questionnaires at multiple time points, including notification of genetic test availability, and 2 weeks and 12 months after receipt of genetic test results (for "test participants"), or 12 months after notification (for "decliners"). Results: Since January 2005, 21% of participants (n ϭ 25) have undergone genetic testing, with 75% of those who have received results identified as mutation carriers (n ϭ 15). Factors associated with uptake of genetic counseling included perceived susceptibility to melanoma (odds ratio ϭ 3.60, P ϭ 0.0008), and fatalistic beliefs about melanoma (odds ratio ϭ 0.57, P ϭ 0.005). Compared with baseline, carriers reported significantly reduced anxiety scores at 2 weeks, and reduced depression scores at 2 weeks and 12 months, after receipt of genetic test results. Carriers also reported a significantly greater frequency of clinical skin examination at 12-month follow-up compared with decliners ( 2 ϭ 5.70, P ϭ 0.02). No hypothesis testing was carried out for noncarriers because of their limited number. Conclusion: These data provide preliminary evidence for healthy psychological, behavioral, and cognitive adjustment after participation in genetic testing for melanoma risk. Genet Med 2009:11(4): 265-278.
G
ermline mutations in two genes, CDKN2A and (rarely) CDK4 have been shown to cause inherited melanoma susceptibility with high penetrance, [1] [2] [3] and a third such locus has recently been identified on chromosome 1p22. 4 In families with multiple cases of the disease, the lifetime risk of developing melanoma for those who carry a pathogenic CDKN2A mutation is estimated to be 58% in Europe, 76% in the United States, and 91% in Australia. 2 Gene penetrance estimated by population-ascertained mutation carriers, however, is considerably lower, although still substantial (28% by age 80 years). 5 Penetrance seems to be heavily modified by other risk factors such as region of origin 2 ; level of exposure to ultraviolet radiation 6, 7 ; melanocortin receptor (MC1R) genotype, a major correlate of skin pigmentation and freckling 8, 9 ; and potentially by modifier genes which, in certain families, may also be associated with the presence of atypical nevi. 10 Genome-wide association studies have recently begun to identify more common, lower penetrance loci which are associated with melanoma risk at the population level, in addition to the first such example, MC1R. 11, 12 Further, a subset of CDKN2A mutation carriers also have an increased risk of developing pancreatic cancer (11-17% lifetime risk), 13 although there is no evidence for this in Australian families. 13 The genetic etiology of melanoma is therefore complex but is coming into sharper focus.
Internationally, there has been much debate about the potential role of genetic testing in families with an inherited pattern of melanoma, as summarized in the consensus statements of the melanoma genetics consortium (GenoMEL), 14, 15 and by other groups. 3, 16, 17 Although the discovery of mutations in CDKN2A and CDK4 has revolutionized our thinking about familial melanoma, genetic testing for mutations in these genes has yet to penetrate the clinical arena. 17 Decisions about genetic testing in this context are likely to be complex given the heterogeneous inheritance pattern, considerable variation in risk caused by the predisposing mutations, and the availability of at least partially effective prevention strategies based on a known major environmental risk factor (i.e., sun exposure). Because of uncertainties about the risk conferred, and the lack of evidence that individuals at high familial risk should be managed differently according to their mutation status, GenoMEL currently recommends that clinical testing for CDKN2A mutations has a very limited role which is confined to highly selected, well-characterized melanoma families. 15 Ambivalence about the clinical availability of genetic testing for melanoma risk is also underpinned by a lack of empirical data on the likely consequences of such testing for individuals with an inherited pattern of melanoma.
Genetic testing for melanoma risk has the potential to produce an array of foreseeable benefits and costs. For mutation carriers, the potential benefits of genetic testing include increased information about one's risk status; heightened motivation for preventive health behaviors such as sun protection and skin surveillance; and the possibility of improved survival through earlier melanoma detection. 14 But this result also has the potential to cause psychological distress; to engender fatal-istic beliefs about melanoma-related outcomes; to encourage overbiopsying of suspicious skin lesions; and to become a basis for discrimination with regard to some types of insurance and/or employment.
In contrast, the likely benefits of genetic testing for individuals found to be noncarriers include reduced melanoma-related anxiety; skin surveillance at a level more appropriately tailored to actual risk status; and for some, freedom from feelings of transmission guilt. Among this group, however, genetic testing may lead to reduced motivation for engagement in preventive behaviors and/or feelings of survivor guilt. 18, 19 In addition, noncarriers may experience sustained uncertainty about their chances of developing melanoma because the clinical interpretation of a negative test result is unclear given the additional risk associated with phenotype and the potential role of other gene candidates. This situation differs from genetic testing for hereditary breast/ovarian cancer (HBOC) or hereditary nonpolyposis colorectal cancer (HNPCC), where the interpretation of a negative test result in the context of an identified family-specific mutation is well established and, in the case of HNPCC, means relief from intensive screening. 20 The existing body of literature on the uptake and outcomes of genetic testing for HBOC and HNPCC may be used to inform the interpretation of findings from similar research in the familial melanoma setting. Specifically, studies involving HBOC and HNPCC show that the most frequently reported reason for undergoing testing is to learn about one's children's cancer risk. [21] [22] [23] [24] [25] Consistently, several factors have been found to be associated with the decision to undergo genetic testing, including having been affected by cancer, 26, 27 cancer-related anxiety, 28, 29 perceived risk, 30, 31 and strength of family history of disease. 26, 32 Despite the large volume of published data on uptake of genetic testing for HBOC and HNPCC risk, however, very little is known about the characteristics and beliefs of individuals who choose not to attend a familial cancer clinic (FCC) for genetic counseling. The chief reasons for our limited knowledge in this area are the difficulties inherent in ascertaining individuals who choose not to attend FCCs and/or the lack of interest in participating in research studies among such individuals. In terms of the outcomes associated with testing for HBOC and/or HNPCC, studies demonstrate that noncarriers experience significant psychological benefits from testing (e.g., reduced levels of cancer-specific distress), whereas few adverse effects have been observed among carriers (see Ref. 33 for a summary of this literature).
Previous research conducted by our group has demonstrated a high demand for genetic testing for melanoma risk from those at increased risk. 34 -36 Whether the potential benefits and risks associated with genetic testing for melanoma risk are realized in practice requires evaluation. A greater understanding of the psychological, behavioral, and cognitive outcomes associated with genetic testing for melanoma risk, for both mutation carriers and noncarriers, is imperative to determining the clinical utility of genetic testing in this context. To our knowledge, this is the first prospective study to examine uptake as well as psychological, behavioral, and cognitive outcomes associated with genetic risk assessment for melanoma. The aims of the present study were 3-fold: (1) to examine uptake of genetic counseling and testing for melanoma risk in a sample of individuals with a strong family history of melanoma and an identified family-specific mutation in the CDKN2A gene; (2) to identify the factors associated with uptake of genetic risk assessment in this context; and (3) to assess the psychological, behavioral, and cognitive outcomes of testing among those who receive a genetic test result compared with those who decline genetic counseling.
It was hypothesized that uptake of genetic risk assessment would be associated with personal history of melanoma, 26, [37] [38] [39] [40] greater number of family members affected by melanoma, 26, 32 greater perceived importance of the benefits of testing, 32, 39 higher perceived susceptibility to melanoma, 30, 31, 41 higher melanoma-specific distress at baseline, 28 -30 and the tendency to seek, or monitor for, risk-related information. 42, 43 In terms of testing outcomes, we predicted that compared with baseline: (a) carriers would report an increase in psychological distress 2 weeks after receipt of genetic test results, with distress returning to baseline levels at 12-month follow-up 33, 44 and (b) noncarriers would report decreased levels of psychological distress at 2-week and 12-month follow-up. 33, 44 
MATERIALS AND METHODS

Participants
Individuals with a strong family history of melanoma (i.e., families comprising at least three relatives with a confirmed melanoma diagnosis) and a known family-specific CDKN2A mutation were ascertained via the Westmead Institute for Cancer Research/University of Sydney center of the Genetic Epidemiology of Melanoma study. This is part of the international GenoMEL consortium (www.genomel.org), a multidisciplinary study of the genetic epidemiology of melanoma. 2, 45, 46 A detailed description of ascertainment into the larger study has been published elsewhere. 46 Briefly, multiple-case melanoma families have been ascertained from south eastern Australia to the Sydney arm of this study for over 18 years through (i) a family member who attended the Sydney Melanoma Unit (the largest dedicated melanoma treatment service in the world), the Victorian Melanoma Service, or other clinics, for treatment of melanoma, (ii) referral from health professionals such as clinical geneticists or dermatologists or occasionally, (iii) self-referral after media publicity of melanoma. Data on family structure, cancer history, illness characteristics, skin phenotype, other melanoma risk factors, and genotype are collected as part of this study; however, participants are not systematically provided with any educational materials relating to genetic counseling or testing for melanoma risk. Ineligibility criteria for the present study included having previously undergone genetic testing for melanoma risk, inability to give informed consent, and current diagnosis of metastatic cancer.
Procedure
The appropriate Institutional Review Board gave approval and informed consent was obtained from all participants. Identification of potentially pathogenic mutations in 18 families made genetic testing possible, and in accordance with the larger study protocol, all participating members of these families (N ϭ 176) were informed by letter about the availability of genetic counseling and testing in January 2005 and were simultaneously offered participation in the current study. The initial study invitation package also contained a list of contact details for 15 FCCs located throughout Australia. These FCCs provide a comprehensive service, performing genetic testing in the context of informed consent which includes, but is not limited to, a discussion of the possible test outcomes, their impact on medical management options, their meaning for family members, and their potential socioeconomic and psychological consequences. 47 All FCCs within each Australian state use a standardized DNA Consent Form which complies with the clinical practice guidelines of the Human Genetics Society of Australasia. 48, 49 Pre and posttest genetic counseling is provided by a genetic counselor under the supervision of a medically qualified clinician (i.e., either a geneticist or cancer geneticist), and genetic test results are generally available within 4 -6 weeks.
Individuals who did not decline study participation were telephoned 14 days after invitation letters were mailed to determine interest in participating. Up to 10 attempts were made at different times of the day in an effort to contact eligible individuals. Interested individuals were mailed the first (i.e., "baseline") questionnaire and a prepaid envelope. Participants who chose to undergo genetic testing for melanoma risk (hereafter referred to as "test participants") received two more questionnaires; one administered 2 weeks and the other 12 months postreceipt of genetic test results. Twelve months after receipt of the initial notification letter, those participants who did not pursue genetic counseling (hereafter referred to as "decliners") were asked to complete a second questionnaire. Reminder letters and phone calls were made as appropriate to participants who failed to complete the questionnaire within a specified time period. FCC attendance and all genetic test results were verified in three ways: (1) participant self-report; (2) 
Measures
Clinical characteristics were accessed through the local Genetic Epidemiology of Melanoma database and a pedigree was created for each participating family, containing data on: total number of first-and second-degree relatives (FDRs and SDRs) affected by melanoma; total number of FDRs and SDRs deceased because of melanoma; personal history of melanoma; and for participants affected by melanoma, time elapsed since diagnosis and disease stage at clinical presentation.
In the absence of a published algorithm for calculation of lifetime risk of melanoma, estimated risk of being a CDKN2A mutation carrier was calculated for each participant before genetic testing. Given the presence of a family-specific CDKN2A mutation, participants with a personal history of melanoma were assigned an estimated 100% risk of carrying a mutation. Unaffected participants whose closest affected relative was a FDR were assigned a 50% risk, unaffected participants whose closest affected relative was a SDR were assigned a 25% risk, and unaffected participants with no known FDR or SDR with melanoma were assigned an estimated risk of 12.5%.
The baseline questionnaire elicited the following data:
1. Demographic characteristics including age, gender, country of origin, marital status, educational level, number of biological children, and occupational environment. 2. Perceived susceptibility to melanoma was assessed using five items developed on the basis of previous work. 21, 34, 50 Participants rated their own melanoma risk relative to an average person of the same age and gender, and an average person with a family history of melanoma, using a Likert scale from 1 ("Much lower") to 5 ("Much higher"). Participants also rated their chances of developing melanoma sometime in the future on a 10 cm visual analogue scale, where 0% represented "no chance" and 100% represented perceived "certainty of developing melanoma," as well as their expectations (on a 5-point Likert scale) regarding perceived likelihood of developing melanoma in the future, and carrying a genetic mutation. Based on factor analytic results, a summary score was calculated for these items (Cronbach's alpha is 0.73) and used for analysis. 3. Endorsement of a genetic model of melanoma was assessed via three items based on our previous work. 34, 35 Participants rated the importance of each item as a potential cause of melanoma on a 5-point Likert rating scale from 1 ("Not at all important") to 5 ("Extremely important"). A summary score was calculated for these items and used for analysis. 4 . Fatalistic beliefs about melanoma: Participants were asked to indicate the degree to which they agreed with the statement, "I believe that melanoma is fatal, even if detected early by regular skin examinations," using a 5-point Likert scale from 1 ("Strongly disagree") to 5 ("Strongly agree"). This item was developed on the basis of our previous qualitative work in this area. 34,36 5. Information-seeking style was assessed using the Miller Behavioral Style Scale. 51 Respondents were asked to imagine four hypothetical stress-invoking scenarios of a largely uncontrollable nature. Each scenario was followed by eight responses indicative of either high or low information-seeking (i.e., monitoring) style. According to the Monitoring Process Model, individuals are categorized as high monitors (information-seekers) or low monitors (distractors) on the basis of how they deal with threat-related cues. 52 If individuals are forced into their nonpreferred condition, they are likely to experience greater anxiety and reduced compliance to health recommendations, compared with when in their preferred condition. 53 Internal consistency of the monitoring scale has been found to be sufficient, with Cronbach's alpha ranging from 0.70 to 0.79. 54,55 6. Intention to pursue genetic testing for melanoma risk was assessed using a single item with three response options (yes, no, and undecided).
Perceived benefits and limitations of genetic counseling
and testing were assessed using 13 items generated from the published literature, 21, 22 an expert panel of cancer genetics specialists, and our previous qualitative findings. 35, 36 Participants were asked to indicate the extent to which each possible benefit or limitation influenced their decision to undergo genetic risk assessment, using a 3-point Likert scale from 0 ("No influence at all") to 2 ("Strongly influences my decision"). Responses to the seven benefit items were combined to create an overall score for "Perceived Benefits" of testing (range 0 -14, internal consistency of 0.79). Scores on the remaining six items were combined into a "Perceived Limitations" subscale (range 0 -10, internal consistency of 0.70). 8. Melanoma-specific distress: The 15-item Impact of Events Scale (IES) was used to assess melanoma-specific distress. 56 Participants rated the frequency of intrusive and avoidant cognitions and behaviors regarding their melanoma risk using a 4-point frequency scale (0, 1, 3, 5) ranging from "Not at all" to "Often." A score of Ն40 for the total scale is considered indicative of a significant stress response. 56, 57 Internal consistency for the IES total score was 0.89. 9. General anxiety and depression: The Hospital Anxiety and Depression Scale has two 7-item subscales, measuring anxiety and depression. 58 Each item has four response options ranging from 0 ("Not at all") to 3 ("Very much"), yielding scores from 0 to 21 for each subscale. Subscale scores Ն8 indicate potentially elevated dis-tress. 58 Internal consistency was 0.85 and 0.74 for the anxiety and depression subscales, respectively. 10. Health behaviors: Data on frequency of sunscreen use, skin self-examination (SSE), and clinical skin examination (CSE) were collected via self-report at baseline and 12-month follow-up. During summer, typical use of sunscreen with a sun protection factor of 15ϩ was recorded on a 5-point Likert scale from 1 ("Never") to 5 ("Always"). 59 SSE was defined as "the careful and deliberate checking for changes in spots or moles on all areas of your skin, including those areas rarely exposed to the sun." 60 Participants indicated their level of engagement in SSE over the past 12 months using a 5-point Likert scale from 1 ("Never") to 5 ("Once a week"). Participants were also asked to indicate whether they had ever had a CSE and if so, the number of times they had presented for CSE in the past 12 months, giving the month and year of each examination. 60 Two weeks after receipt of their genetic test result, test participants completed a second questionnaire comprised of measures 2, 4, 8, and 9. Twelve months after receipt of their result, test participants completed a third questionnaire comprised measures 2, 4, 8 -10 and:
11. Decision regret: Current experience of regret over the decision to undergo genetic testing was assessed using the 5-item Decision Regret Scale (DRS), 61 with response categories ranging from 1 ("Strongly agree") to 5 ("Strongly disagree"). Scores ranged from 0 to 100, with higher scores indicating greater regret. The DRS has good psychometric properties (Cronbach's alpha of 0.84 in the present study), and correlates strongly with decision satisfaction, decisional conflict, and overall perceived quality of life. 61 Decliners completed one follow-up questionnaire 12 months after initial notification of the availability of genetic counseling and testing. This questionnaire contained measures 2, 8 -10, and:
Reasons for not attending genetic counseling:
This was assessed using 20 items generated from the published literature, 62 an expert panel, and our previous findings. 35, 36 Participants were asked to indicate the extent to which each possible reason for not attending genetic counseling reflected their experience, using a 4-point Likert scale from 0 ("No agreement") to 3 ("Completely agree"). Responses to these items were used for descriptive purposes only.
Statistical analysis
Data were analyzed using SPSS 15.0 and SAS 9.1. Differences between participants and nonparticipants for nonpsychological variables were assessed using Pearson 2 tests, linearby-linear association tests or t-tests, as appropriate. Pearson 2 tests were used to examine associations between counseling attendance and categorical predictor variables, whereas t-tests or Mann-Whitney U tests were used, as appropriate, when the predictor variable was continuous. One-way analysis of variance was used when the predictor variable had three or more categories (e.g., estimated CDKN2A mutation carrier risk).
Logistic regression analysis was then used to identify variables that were independently associated with counseling attendance. A forward modeling strategy was employed, starting with the variable with the lowest P value at the bivariate level and adding each variable sequentially, based on its P value, to the model. Models were limited to two predictor variables to avoid the problematic results of logistic models with fewer than 10 events (i.e., participants) per variable. 63 Correlations among responses of individuals in the same family cluster were allowed for using generalized estimating equations for logistic regression, thus avoiding family wise errors. 64 For carriers and decliners, Wilcoxon tests were used to examine changes in psychological, behavioral, and cognitive outcomes from baseline to each follow-up point. Mann-Whitney U tests were used to compare outcomes of carriers with those of decliners at each time point.
RESULTS
Response rates and analysis of participation bias
Of the 176 individuals considered eligible for study participation, contact details were not available for 10, so 166 individuals were approached for participation. Of these, 119 individuals returned baseline questionnaire data, yielding a response rate of 72% among eligible, successfully contacted participants. Demographic and clinical characteristics of participants are summarized in Table 1 . Participants and nonparticipants did not differ significantly by age, gender, personal history of melanoma, or number of relatives affected by melanoma. Over the course of the study, one participant died and 17 participants were lost to follow-up, yielding a retention rate of 85% at study completion. There were no statistically significant differences in age, gender, education level, disease status, perceived risk, or baseline general or melanoma-specific distress between participants who were retained and those lost to follow-up.
Uptake of genetic counseling and testing for melanoma risk Figure 1 shows the group assessment structure. Up to 3 years after initial notification of the availability of genetic testing for melanoma risk, only 43 of 119 participants (36%) had approached a FCC regarding genetic risk assessment. Of these, 25 participants had blood drawn for the purpose of genetic testing, four participants declined testing after genetic counseling, and 14 participants were not offered testing. Reasons for FCC staff not offering testing included: uncertain clinical utility in the context of the specific mutation and family, or because of the lack of available funding for testing. Thus overall, 21% of participants in this familial melanoma cohort have undergone genetic testing for melanoma risk since initial notification in January 2005. Of the 25 participants who had blood drawn for genetic testing, 15 were identified as carriers (10 previously affected by melanoma, five unaffected), five as noncarriers, and five did not receive their results during the study period because of the lack of available funding for genetic testing for melanoma risk in one Australian state.
Testing intentions and expectations at baseline
At baseline, 80 (67%) participants reported an intention to pursue genetic risk assessment, 18 (15%) were undecided, and 20 (17%) had decided not to pursue a genetics consultation. Of the 25 participants who had had blood drawn for genetic testing by the time of study completion (February 2008), 92% had intended to pursue testing at baseline. Of the 94 participants who had not undergone testing, 61% had intended to pursue testing. Perceived carrier status at baseline (i.e., before testing) is presented separately for affected and unaffected participants in Figure 2 . Of those with a personal history of melanoma, 86% 
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Outcomes of genetic testing for melanoma risk believed they carried a gene mutation, compared with 39% of unaffected participants. Figure 3 shows the rates of endorsement for each item pertaining to the perceived benefits and limitations of genetic risk assessment for melanoma, presented separately for counseling attendees and decliners. Overall, the mean perceived benefits of testing was 7.57 (SD ϭ 3.57), and the mean perceived limitations of testing was 1.67 (SD ϭ 1.91). The benefits most frequently endorsed by the total group (N ϭ 119) as "somewhat" or "very much" influencing participants' decision to pursue testing were: (a) to assist melanoma research (90%); (b) to learn more about my children's risk (82%); and (c) to learn more about the steps I can take to reduce my risk (77%). The most frequently endorsed limitations of testing included (a) concerns about the influence that testing may have on one's family (56%); (b) the belief that testing cannot prevent melanoma onset (26%); and (c) concerns about the difficulties one may have coping with the test result (25%). a Participants made some approach to a familial cancer clinic (either by phone or in-person); however, clinic staff did not offer testing either because of uncertainty about the clinical utility of such testing in the context of the specific mutation and family or because of a lack of available funding for testing. b Because of the lack of available funding, receipt of test results was delayed. All of these participants opted to have blood drawn for the purpose of genetic testing, and for the familial cancer clinic to store these DNA samples until such funding becomes available.
Perceived benefits and limitations of genetic counseling and testing
Predictors of actual uptake of genetic counseling
Demographic, clinical, and psychological variables associated with uptake of genetic counseling at the bivariate level are presented in Table 2 . Table 3 shows the logistic model predicting uptake of genetic counseling. Overall, the model could discriminate between participants who underwent genetic counseling versus those who declined counseling with 74% accuracy. For every one-unit increase in mean perceived risk, the odds of counseling uptake increased by over 3.5 times (odds ratio ͓OR͔ ϭ 3.60, P ϭ 0.0008). A one-unit increase in mean fatalistic beliefs about melanoma, reduced the odds of counseling uptake by approximately 0.5 (OR ϭ 0.57, P ϭ 0.005).
The most common reasons decliners endorsed for not attending genetic counseling are shown in Table 4 . Among decliners, those who did not intend to pursue a genetics consultation at baseline (n ϭ 28) more strongly endorsed the following reasons for nonuptake, "I am happy with my life as it is" (P ϭ 0.03), "I don't believe that genetic testing is relevant to me" (P ϭ 0.007), and "Testing cannot tell me when I will develop melanoma" (P ϭ 0.02), compared with participants who had intended to pursue counseling (n ϭ 48).
Decision regret reported by test participants
Twelve months after receipt of genetic test results, the mean score on the DRS was 15.38 (SD ϭ 11.45) for carriers and 6.25 (SD ϭ 7.50) for noncarriers, with overall scores ranging from 0 to 35 of a possible 100. One-quarter of test participants (two carriers, two noncarriers) indicated no decision regret regarding their choice to undergo genetic testing.
Changes in psychological distress over time
At all assessment points, mean psychological distress scores were relatively low for all participant groups, as shown in Table  5 . Examining psychological adjustment among carriers, no changes were observed for reported melanoma-specific distress at 2 weeks (P ϭ 0.73) or 12 months (P ϭ 0.26) after receipt of testing results compared with baseline. However, this was not the case for general distress. A reduction in anxiety was observed for carriers 2 weeks after the receipt of testing results (Z ϭ Ϫ2.41, P ϭ 0.02). Statistically significant decreases in depression were also found at both short-term (Z ϭ Ϫ1.94, P ϭ 0.05) and longer term follow-up points (Z ϭ Ϫ2.11, P ϭ 0.04), compared with baseline. Significance tests were not performed for noncarriers because of the limited sample size.
Twelve months after notification of the availability of genetic testing, reductions in general distress were also found among those who declined counseling, with significant decreases observed for both general anxiety (Z ϭ Ϫ3.08, P ϭ 0.002) and depression (Z ϭ Ϫ2.13, P ϭ 0.03). As reported for carriers, melanoma-specific distress did not change over time among decliners (P ϭ 0.39). Further, at baseline and follow-up, no differences were found between carriers and decliners for melanoma-specific distress, general anxiety or depression (all P values Ͼ0.05). Figure 4 illustrates reported sunscreen use, SSE, CSE, and perceived risk at baseline and 12-month follow-up for carriers, noncarriers, and decliners. Sunscreen use, frequency of reported CSE, and perceived risk remained relatively stable over time for all groups. Increases in frequency of reported SSE were observed for all groups at 12-month follow-up, with this increase reaching statistical significance for decliners (Z ϭ Ϫ2.03, P ϭ 0.04). Significance tests were not performed for noncarriers because of the limited sample size. Descriptively, however, the findings presented in Figure 4 suggest that although noncarriers seem to have lower subjective estimates of personal susceptibility to melanoma 12-months after receipt of a negative test result, the frequency of behaviors such as sunscreen use, SSE, and CSE may remain relatively stable.
Behavioral and cognitive adjustment over time
Differences in behavioral and cognitive adjustment between carriers and decliners
Carriers reported significantly greater perceived susceptibility to melanoma compared with decliners both at baseline (Z ϭ Ϫ2.65, P ϭ 0.008) and at 12-month follow-up (Z ϭ Ϫ2.72, P ϭ 0.007). At baseline, no differences were found between the two groups for reported sunscreen use (P ϭ 0.30), SSE (P ϭ 0.16), or frequency of annual CSE (P ϭ Fig. 2 . Perceived mutation carrier status reported at baseline and presented separately for affected (n ϭ 37) and unaffected (n ϭ 82) participants. Fig. 3 . Percentage of counseling attendees and decliners endorsing perceived benefits and limitations of genetic risk assessment for melanoma as "somewhat" or "very much" influencing their decision to undergo testing (n ϭ 105). Participants who approached a familial cancer clinic but were not offered genetic risk assessment (n ϭ 14) were excluded from this analysis.
0.17)
. At 12-month follow-up, no differences were found between carriers and decliners for reported sunscreen use (P ϭ 0.09) or SSE (P ϭ 0.26). A significant difference was found, however, for annual CSE ( 2 ϭ 5.90, P ϭ 0.02), with 86% of carriers reporting at least one CSE in the 12 months after receipt of genetic test results, compared with only 50% of decliners.
DISCUSSION
This prospective cohort study revealed that, despite relatively high levels of interest in genetic testing for melanoma risk, less than one quarter of participants with an identified, familyspecific CDKN2A mutation actually underwent genetic testing over a 3-year period. In comparison with previously reported uptake rates for HBOC and HNPCC, where the percentage of eligible individuals who have opted for testing is approximately 50%, 33, 45, 65 uptake of genetic testing for melanoma risk seems low. These results raise important questions regarding the perceived utility of genetic testing among those with an inherited pattern of melanoma. It is likely that we are beginning to see differences in counseling and test uptake based on the particular condition involved and test candidates' subjective beliefs about its etiology, treatment, and prevention. In contrast to HBOC and HNPCC, for example, melanoma is a cancer where behavioral modification and self-screening are vitally important. For those with a strong family history of melanoma, these actions may be perceived as a priority over genetic risk assessment, particularly given that a negative test result does not provide relief from screening or sun protection practices. Also, in contrast to 
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Outcomes of genetic testing for melanoma risk familial melanoma, an individual's mutation status has major implications for clinical risk management in the context of HBOC and HNPCC. For example, carriers of BRCA1 and/or BRCA2 mutations might consider prophylactic surgery, whereas carriers of HNPCC-related mutations might decide to undergo regular colonoscopy to reduce their cancer risk. Taken together, these factors may limit the perceived utility of genetic testing for melanoma risk among Australian test candidates. In the present study, however, the perceived limitations of testing were found to be low and had no association with actual uptake of genetic risk assessment. From a clinical perspective, our data also suggest a potential need to address issues of accessibility to cancer genetics services (Table 4 ). The prospect of having to travel long distances to access a FCC may have deterred those participants who were ambivalent about genetic counseling and testing. In the future, telehealth technology may play an increasingly important role in improving access to genetics services, particularly for those living in rural or regional locations. Access may be particularly important if people are ambivalent about the utility of genetic testing for melanoma risk, in contrast to other familial cancers where psychological barriers have been found to be stronger deterrents to test uptake than accessibility or cost. 40 In terms of the perceived benefits of genetic testing for melanoma risk, almost all participants viewed test uptake as a means of driving melanoma research. This substantiates our previous finding that a considerable proportion of individuals with a strong family history of melanoma believe that genetic testing will one day lead to a cure for melanoma, and that this cure will be in the form of "genetic knockout" technology. 35 It is important that altruistic motivations such as these are openly discussed within the context of pretest genetic counseling, with a view to clarifying any misconceptions that may arise. Other frequently endorsed motivations for genetic testing included "to learn more about my children's risk" and "to take steps to reduce my risk," and these findings bear striking similarity to attitudes toward genetic testing for other hereditary cancers. [21] [22] [23] [24] [25] 32 Despite the large volume of published data on uptake of genetic testing for HBOC and HNPCC risk, very little is known about the characteristics and beliefs of individuals who choose not to attend a cancer genetics service for genetic counseling. In the present study, uptake of genetic counseling for melanoma risk was associated with a number of demographic, clinical, and psychological characteristics at the bivariate level, including personal history of melanoma, higher perceived susceptibility to melanoma, greater melanoma-specific distress at baseline, and fewer deaths because of melanoma in the family (Table 2) . Although a common finding, it is interesting that unaffected individuals were less likely to undergo genetic counseling com- Higher mean ratings indicate greater agreement with the statement. Scores ranged from 0 ("No agreement") to 3 ("Completely agree"). a These reasons for nonattendance were more frequently endorsed by those who did not intend to pursue testing at baseline compared with those who intended to undergo testing.
pared with affected participants, given the relatively large subset of unaffected individuals (42%) who were uncertain about their carrier status at baseline (Fig. 2) . It is possible that attitudes toward uncertainty may moderate intentions to pursue genetic risk assessment, in that individuals with a greater need for certainty may be more likely to undergo counseling and testing compared with those without a need for certainty. 66, 67 In future research, a focus on attitudes toward uncertainty among individuals offered genetic counseling and CDKN2A mutation testing might provide greater insight into why a higher rate of uptake was not observed in the present sample. At the multivariate level, when several predictor variables and potentially confounding variables were considered simultaneously, fatalistic beliefs about melanoma were found to reduce the chances of counseling attendance-a novel result in the hereditary cancer context. According to Lazarus and Folkman's Transactional Model of Stress and Coping, 68 the ways in which an individual responds to a threat-related situation depends on a number of subjective, cognitive judgments. For example, when an individual learns of the availability of genetic testing for melanoma risk, he or she is likely to assess the impact of such testing on their life (primary appraisal). Based largely on past experiences, the individual will also consider what can be done about the situation (secondary appraisal). Included in these secondary appraisals are the uncertainty that the individual will develop melanoma, perceptions of the severity of melanoma, and the degree to which the individual feels in control of melanoma-related outcomes. Those with a more fatalistic attitude toward melanoma may be less likely to pursue genetic risk assessment because they perceive melanoma-related outcomes as uncontrollable and as such, genetic testing may seem futile. The relationship between perceived control, perceived severity, and uptake of genetic counseling and testing for melanoma risk merits further investigation in future studies. It is also imperative that future research examines the influence of fatalism on sun protection and skin surveillance behaviors in this high-risk population. The present study is unique in that it also assessed the emotional, behavioral, and cognitive outcomes associated with genetic testing for melanoma risk. Contrary to initial hypotheses, we found short-and longer-term reductions in anxiety and depression among carriers after the receipt of genetic test results. Although we did not observe changes in melanomaspecific distress over time, mean IES scores were remarkably low at all time points, as shown in Table 5 . In terms of cognitive and behavioral outcomes among carriers, mean perceived susceptibility to melanoma remained relatively high and stable over time, and no changes were observed in frequency of sunscreen use, SSE, or CSE 12 months after receipt of positive test results. Carriers did report, however, a significantly greater frequency of CSE at 12-month follow-up compared with decliners.
Melanoma-specific distress (IES)
Taken together, these data suggest that Australian CDKN2A mutation carriers experience healthy psychological and behavioral adjustment to the receipt of information about their genetic risk status. In fact, it is possible that carriers may derive emotional benefits from genetic testing for melanoma risk. Positive test results may also serve to justify and/or motivate adherence to biannual doctor consultation for total-body skin examination. Future studies with larger samples are needed to replicate these findings for carriers and clarify the trajectory of behavioral and psychological responses to genetic testing for noncarriers. The clinical utility of genetic testing for noncarriers remains unclear, and more research addressing this issue is critically needed to provide an evidence base for clinical practice. Further, as shown in Figure 4 , it appears there is still much scope for improvement in adherence to CSE among both decliners and noncarriers. Currently, the Australian and New Zealand clinical practice guidelines for the management of melanoma recommend that individuals at high risk of melanoma (including those with a strong family history of the disease) be regularly checked by a clinician with 6-month full body examination supported by total body photography and dermoscopy as required. 69 Clearly, suboptimal levels of CSE were detected in the present cohort, with 50% of decliners and noncarriers not adhering to annual CSE.
Unexpectedly, we also found significant reductions in both general anxiety and depression among participants who did not attend genetic counseling during the course of the study. At 12-month follow-up, decliners reported increased frequency of SSE, whereas levels of sunscreen use, CSE, and perceived risk remained relatively stable over time. There are several factors that may account for these findings. First, it is possible that ongoing participation in a psychological study focusing on individuals' health beliefs and experiences may engender positive emotional and behavioral changes; although this was not the intention of the study. There is also the possibility that simply notifying individuals of the identification of a familyspecific mutation may rouse heightened vigilance with regard to screening behavior or that other, external factors may have contributed to this pattern of results. Why we observed improvements in SSE but not CSE and sun protection, however, is unclear. Because these data are based on self-report, it is not possible to rule out the influence of response bias; however, the validity of self-reported skin cancer screening practices has been shown to be high. 70 In any case, these initial data suggest that individuals with an inherited pattern of melanoma demonstrate healthy psychological adjustment, irrespective of their decision regarding genetic counseling and testing for melanoma risk.
Concluding remarks
The strengths and limitations of this study warrant discussion. To our knowledge, this is one of the first prospective cohort studies to provide data on the psychological, behavioral, and cognitive outcomes of genetic testing for melanoma risk, and it is hoped that these findings will facilitate widespread discussion of, and patient education about, the benefits, risks, Fig. 4 . Reported sunscreen use, skin self-examination (SSE), clinical skin examination (CSE), and perceived risk at baseline and 12-month follow-up, presented separately for carriers, noncarriers, and decliners. and limitations associated with such testing. Given the limited available data on the characteristics and beliefs of those individuals who choose not to attend a familial cancer service for genetic counseling, the findings of this study make an important contribution to the literature by shedding light on the factors that may impede or prevent clinic attendance. The high participation and follow-up rates (72% and 85%, respectively), and the lack of differences between participants and nonparticipants, as well as those lost to follow-up and those retained, are also strengths of the study. However, even though we approached all eligible individuals and collected uptake data from all Australian FCCs, the limited number of participants who underwent genetic risk assessment precluded statistical testing among noncarriers, as well as analysis of potential differences in outcomes between carriers and noncarriers. Also, the limited sample size may not have yielded the power to detect potentially clinically important differences between groups and thus, caution should be taken in interpreting the study findings until a larger cohort is followed. Given the rarity of familial melanoma, as data on the implications of genetic testing for this condition accumulates, large-scale international studies and/or meta-analyses will be more powerful strategies for examining psychological and behavioral outcomes. Clinically, identifying the characteristics of those most likely to request genetic assessment for melanoma risk, and the diverse implications of genetic testing for both the individual and his or her family, may enhance the effectiveness of pretest education and counseling, as well as more widespread public health messages about genetic testing for melanoma risk.
